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THIN FILM TRANSISTOR ARRAY
SUBSTRATE FOR DIGITAL X-RAY
DETECTOR DEVICE, DIGITAL X-RAY
DETECTOR DEVICE, AND
MANUFACTURING METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Republic of Korea Patent Application No. 10-2019-

0160913, filed on Dec. 5, 2019, the disclosure of which 1s
incorporated herein by reference 1n 1its entirety.

BACKGROUND
1. Field of the Disclosure

The present disclosure relates to a thin film transistor
array substrate for a digital X-ray detector device and the
digital X-ray detector device capable of reducing 1ncorrect
recognition of an align mark and a manufacturing method
thereol.

2. Description of Related Art

Because X-ray 1s of a short wavelength, the X-ray may
pass through an object easily. The transmittance of the X-ray
depends on an mnner density of the object. Therefore, an
internal structure of the object may be observed by detecting
an amount of the X-ray transmitted through the object.

One of X-ray based 1nspection methods used in a medical
field 1s a film printing scheme. However, 1n the film printing
scheme, 1n order to check a result, an 1mage 1s shot, and then
a film 1s printed. Thus, 1t takes a long time to check the
result. Especially, in the film printing scheme, there are some
difficulties 1n storing and preserving the printed film.

A digital X-ray detector (DXD) device using a thin film
transistor has been developed and widely used in the medi-
cal field.

The DXD device detects the transmittance of the X-ray
transmitted through the object and displays an internal state
of the object on a display based on the transmittance.

Theretfore, the digital X-ray detector device may display
the internal structure of the object without using an addi-
tional film and printed paper. Further, the DXD device may
check the results 1n real time immediately after X-ray
photographing.

SUMMARY

Components such as a driving thin film transistor or a PIN
diode of a digital X-ray detector device may be formed by
repeatedly depositing and patterning a plurality of lavers
using multiple masks.

In this case, the mask 1s aligned using one or more align
marks to minimize misalignment of each of layers sequen-
tially stacked.

The align marks are recognized using apparatuses such as
microscopes or cameras to determine and adjust the align-
ment of the mask, thereby accurately forming the layers
according to an intended design.

The digital X-ray detector device detects current inside a
digital X-ray detection panel to implement an 1image based
on the current and uses a photo PIN (P type semiconductor-
Intrinsic type semiconductor-N type semiconductor) diode
that responds to light.
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A PIN diode includes a PIN layer, which 1s a high-
deposition film having a thickness of him or more and the
PIN layer 1s formed using a dry etching gas.

In this case, the PIN layer may not be completely etched
due to a thick thickness of the PIN layer at an area where the
PIN layer may be completely etched and a PIN remaining
film may remain as an etching residue of the PIN layer.

If the PIN remaining film covers at least a portion of the
align mark, incorrect recognition of the align mark may
occur, thereby reducing process accuracy after the PIN layer
1s formed and blocking proper inspection of the digital X-ray
detector panel.

Accordingly, the inventors of the present disclosure
invented a thin film transistor array substrate for a digital
X-ray detector device and the digital X-ray detector device
capable of reducing the incorrect recognition of the align
mark and a manufacturing method thereof.

The present disclosure provides a thin film transistor array
substrate for a digital X-ray substrate and the digital X-ray
detector device capable of reducing formation of a PIN
remaining film in an align mark and a manufacturing method
thereof.

The present disclosure also provides a thin film transistor
array substrate for a digital X-ray substrate and the digital
X-ray detector device capable of reducing the incorrect
recognition of the align mark after the PIN layer 1s formed
and a manufacturing method thereof.

The objects of the present disclosure are not limited to the
above-mentioned objects, and the other objects and advan-
tages of the present disclosure, which are not mentioned,
may be understood by the following description, and more
clearly understood by the embodiments of the present dis-
closure. It 1s also readily understood that the objects and the
advantages of the present disclosure may be implemented by
features described 1n appended claims and a combination
thereof.

According to an embodiment of the present disclosure,
there are provided a thin film transistor array substrate for a
digital X-ray detector device and the digital X-ray detector
device capable of reducing formation of the PIN remaining
film 1n the align mark and the incorrect recognition of the
align mark after the PIN layer 1s formed and a manufacturing
method thereof.

According to an embodiment of the present disclosure, a
thin film transistor array substrate for a digital X-ray detec-
tor device and the digital X-ray detector device includes a
base substrate including a driving area and a non-driving
area, at least one PIN diode disposed within the driving area
of the base substrate and including a lower electrode, a PIN
layer, and an upper electrode, and at least one align mark
disposed within the non-driving area of the base substrate
and the align mark includes a first align mark layer, an align
PIN layer, and a second align mark layer.

In this case, the first align mark laver, the align PIN laver,
and the second align mark layer may be sequentially stacked
on the base substrate.

A dniving thin film transistor 1s disposed in the driving
area of the base substrate, 1s connected to the PIN diode, and
includes an active layer, a first electrode, a second electrode,
and a gate electrode and the first align mark layer may be
made of the same material as the gate electrode.

In addition, the PIN layer may be made of the same
material as the align PIN layer, a bias electrode may be
disposed on the PIN layer, and the second align mark layer
may be made of the same material as the bias electrode.

In addition, according to an embodiment of the present
disclosure, a method for manufacturing a thin film transistor
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array substrate for a digital X-ray detector device includes 1)
forming a driving thin film transistor in at least one pixel
within a driving area of a base substrate, the driving thin film
transistor including an active layer, a first electrode, a second
clectrode, and a gate electrode and forming a first align mark
layer 1n at least one align mark within a non-driving area, 11)
forming a lower electrode on the driving thin film transistor,
111) forming a PIN film above a whole surface of the base
substrate and forming an upper electrode film on the PIN
layer, 1v) forming a photo resist on the upper electrode film
to correspond to each of the align mark and the pixel, v)
forming an align PIN layer and an align upper electrode
layer 1n the align mark and forming a PIN diode including
the lower electrode, the PIN layer, and an upper electrode in
the pixel by patterning the upper electrode film and the PIN
film, and v1) forming a second align mark layer above the
align upper electrode layer and forming a bias electrode
above the upper electrode.

In this case, the gate electrode and the first align mark
layer may be formed by the same patterning process, the PIN
layer and the align PIN layer may be formed by the same
patterning process, and the bias electrode and the second
align mark layer may be formed by the same patterning
process.

According to the present disclosure, an align PIN layer 1s
formed above the first align mark layer through the same
patterning process as the patterning process using a photo
resist for forming the PIN layer in the pixel. Accordingly, the
formation of the unintended PIN remaining film may be
reduced through the patterning process in the align mark.

Further, according to the present disclosure, the align PIN
layer 1s formed on the first align mark layer and the second
align mark layer 1s further formed and the second align mark
layer may be used as an align mark after the PIN layer 1s
formed to reduce the incorrect recognition of the align mark
aiter the PIN layer 1s formed.

Specific eflects of the present disclosure, 1n addition to the
above-mentioned effects, will be described together while
describing specific matters to implement the present disclo-
sure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram showing a digital
X-ray detector device according to one embodiment.

FIG. 2 1s a schematic plan view showing an example
digital X-ray detector device according to one embodiment.

FIG. 3 1s a plan view showing an example area taken
along line I-I' of a digital X-ray detector device according to
one embodiment.

FIG. 4 15 a cross-sectional view showing an example area
taken along line II-I1I' and III III' of a digital X-ray detector
device according to one embodiment.

FIGS. 5A-5C show a main active area of dry etching gas
and a vulnerable area of dry etching gas formed above a base
substrate according to one embodiment.

FIG. 6 shows a PIN (P type semiconductor-Intrinsic type
semiconductor-N type semiconductor) remaining {ilm
according to one embodiment.

FIGS. 7A and 7B are process diagrams showing a PIN
remaining film that may be formed during a PIN layer
formation process according to one embodiment.

FIG. 8 A shows an area of an align mark covered by a PIN
remaining {ilm according to one embodiment.

FIG. 8B shows an align mark not covered by a PIN
remaining film according to one embodiment.
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FIG. 9A to 9F are process diagrams showing example
methods for manufacturing a thin film transistor array sub-

strate for a digital X-ray detector device according to one
embodiment.

DETAILED DESCRIPTION

Some embodiments of the present disclosure are
described 1n detail with reference to the accompanying
drawings. Accordingly, the skilled person 1n the art to which
the present disclosure pertains may easily implement the
technical 1dea of the present disclosure. In the description of
the present disclosure, 1t it 1s determined that a detailed
description of a well-known technology relating to the
present disclosure may be omitted 1f 1t unnecessarily
obscures the gist of the present disclosure. One or more
embodiments of the present disclosure are described 1n
detail with reference to the accompanying drawings. In the
drawings, same reference numerals may be used to refer to
same or similar components.

In this document, the terms “upper,” “lower,” “on,”
“under,” or the like are used such that, where a first com-
ponent 1s arranged at “an upper portion” or “a lower portion”™
of a second component, the first component may be arranged
in contact with the upper surface (or the lower surface) of the
second component, or another component may be disposed
between the first component and the second component.
Similarly, where a first component 1s arranged on or under
a second component, the first component may be arranged
directly on or under (1n contact with) the second component,
or one or more other components may be disposed between
the first component and the second component.

Further, the terms “connected,” “coupled,” or the like are
used such that, where a first component 1s connected or
coupled to a second component, the first component may be
directly connected or able to be connected to the second
component, or one or more additional components may be
disposed between the first and second components, or the
first and second components may be connected or coupled
through one or more additional components.

Hereinatter, a thin film transistor array substrate for a
digital X-ray detector device, the digital X-ray detector
device, and a manufacturing method thereof according to
some embodiment of the present disclosure are described.

FIG. 1 1s a schematic block diagram showing a digital
X-ray detector device. The digital X-ray detector device may
include a thin film transistor array 110, a gate driver 120, a
bias supply 130, a readout circuitry 140, and a timing
controller 150.

The thin film transistor array 110 may include a plurality
of cell regions defined by a plurality of gate lines GL
arranged 1n a first direction and by a plurality of data lines
DL arranged i a second direction orthogonal to the first
direction.

The cell regions are arranged 1in a matrix configuration.
Each cell region may include a pixel region in which
photo-sensitive pixels Ps are formed. The thin film transistor
array 110 may detect the X-ray emitted from an X-ray
source, may convert the detected X-ray mnto an electrical
signal, and may output the electrical signal.

Each photo-sensitive pixel may include a PIN (P type
semiconductor-intrinsic type semiconductor-N type semi-
conductor) diode which converts light of a wvisible light
region converted from the X-ray by a scintillator into an
clectronic signal and outputs the electronic signal and a thin
film transistor TFT that transmits a detected signal output
from the PIN diode to a readout circuitry 140. A first end of
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the PIN diode may be connected to the thin film transistor
and a second end thereof may be connected to a bias line BL.

A gate electrode of the thin film transistor may be con-
nected to the gate line GL which carries a scan signal.
Source/drain electrodes of the thin film transistor may be
respectively connected to the PIN diode and a data line DL
which carries the detected signal output from the PIN diode.
Each bias line BL may extend in a parallel manner to each
data line DL.

The gate driver 120 may sequentially apply gate signals to
thin film transistors of photo-sensitive pixels through the
gate lines GLs. The thin film transistors of the photo-
sensitive pixels may be turned on 1n response to the gate
signals having a gate-on voltage level.

The bias supply 130 may apply drniving voltages to the
photo-sensitive pixels through the bias lines BL. The bias
supply 130 may selectively apply a reverse bias or a forward
bias to the PIN diode.

The readout circuitry 140 may read out the detected signal
received from the thin film transistor turned on 1n response
to the gate signal of the gate drniver. For example, the
detected signal output from the PIN diode may be input to
the readout circuitry 140 through the thin film transistor and
the data line DL.

The readout circuitry 140 may have an offset readout
period for which an oflset image 1s read out and an X-ray
readout period for which the detected signal after an X-ray
exposure 1s read out and may read out the detection signal
output from the photo-sensitive pixels during the X-ray
readout period.

The readout circuitry 140 may include a signal detector
and a multiplexer. The signal detector includes a plurality of
amplification circuits that correspond respectively to the
data lines DL. Each amplification circuit may include an
amplifier, a capacitor, and a reset element.

The timing controller 150 may control an operation of the
gate driver 120 by generating a start signal and a clock signal
and supplying each of the start signal and the clock signal to
the gate driver 120. Further, the timing controller 150 may
control an operation of the readout circuitry 140 by gener-
ating a readout control signal and a readout clock signal and
supplying each of the readout control signal and the readout
clock signal to the readout circuitry 140.

Hereinatter, a digital X-ray detector device according to
one embodiment of the present disclosure 1s described 1n
detail with reference to FIG. 2.

According to one embodiment of the present disclosure,
a thin film transistor array substrate for a digital X-ray
detector device and the digital X-ray detector device include
a base substrate including a driving area AA and a non-
driving arca NAA.

The driving area AA includes a plurality of pixels P and
cach pixel P includes a photo-sensitive pixel with a driving
thin film transistor and a PIN diode.

The non-driving area NAA surrounds the driving area
AA.

At least one readout circuitry 140 may be disposed at one
side of the non-driving area NAA, for example, above the
driving arca AA. For example, a readout integrated circuit
(ROIC) pad may be disposed.

In addition, a gate driver 120 may be disposed at one or
more other sides of the non-driving area NAA in which the
readout circuitry 140 1s not disposed. For example, the gate
driver 120 may be disposed at the left side or the right side,
or the left side and the rnight side of the drniving area.

In this case, the gate driver 120 may be arranged using a
gate 1 panel (GAP) method.
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An align mark AM may be disposed at each of a plurality
of corners of the non-driving area NAA, and 1n one embodi-
ment, for the accuracy of align mark recogmtion and align
mark adjustment, the align marks AM may be disposed at
four corners of the non-driving area NAA.

In addition, at least one test element group TEG pattern
may be disposed 1n the non-driving area NAA and charac-
teristics of an element 1n the driving area may be determined
based on the TEG pattern. Therefore, the TEG pattern may
have the same pattern as each of the elements 1n the pixel of
the driving area.

For example, the TEG pattern may be formed in the same
pattern as the photo-sensitive pixel in the pixel. Accordingly,
the TEG pattern may include a pattern of each of a driving
thin film transistor and a PIN diode.

A pixel and an align mark of a digital X-ray detector
device according to an embodiment of the present disclosure

are described below 1n detail with reference to FIGS. 3 and
4.

According to an embodiment of the present disclosure, a
digital X-ray detector 200 includes a base substrate 210.

A base substrate 210 may be embodied as a glass substrate
made of glass, but 1s not limited thereto. In some cases
where the base substrate 210 1s used for a flexible digital
X-ray detector device, a substrate made of polyimide mate-
rial and having ftlexible properties may be used as an
example of the base substrate 210.

On the base substrate 210, a plurality of pixels are defined
by a plurality of gate lines 223 and a plurality of data lines
225 intersecting with each other 1n an orthogonal manner.

Each pixel includes the thin film transistor 220 and the
PIN diode 230. The plurality of thin film transistors 220 and
the plurality of PIN diodes 230 may be disposed on an array
substrate having the plurality of pixels. The thin film tran-
sistor 220 and the PIN diode 230 of the pixel are described
below and this configuration may also be applied to adjacent
pixels unless otherwise specified.

A thin film transistor 220 including a first electrode 2254,
a second electrode 2255, a gate electrode 223a, and an active
layer 221 1s disposed 1n a driving area of the base substrate
210.

A bufler layer 211 may be disposed between the base
substrate 210 and the thin film transistor 220. In this case,
the bufler layer 211 may be made of an 1mnorganic material
such as silicon oxide (S10x) or silicon nitride (S1Nx) and
may be provided as a multi-bufler layer composed of mul-
tiple sub-layers.

The active layer 221 1s disposed above the base substrate
210. The active layer 221 may be made of an oxide semi-
conductor material such as indium galllum zinc oxide
(1IGZ0), but 1s not limited thereto, and may be made of low
temperature polycrystalline silicon (LTPS) or amorphous
silicon (a-S1).

The active layer 221 may include, for example, a channel
region and conducting regions, where the channel region 1s
disposed between two conducting regions. In some
examples, the conducting regions may be divided 1nto a first
conducting region connected in direct contact with a first
clectrode 225a and a second conducting region connected 1n
direct contact with a second electrode 223b.

The conducting regions of the active layer 221 may be
formed by conducting both ends of the active layer 221 and
various types ol methods such as a dry etching method, a
hydrogen plasma treatment, a helium plasma treatment, and
the like may be used as examples of a conducting treatment
method.
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A gate electrode 223a 1s disposed above the active layer
221 and a gate insulating layer 222 1s disposed between the
active layer 221 and the gate electrode 223a to nsulate the
active layer 221 from the gate electrode 223a.

For example, the gate electrode 223a may be disposed on
the gate mnsulating layer 222 to correspond to the channel
region of the active layer 221. The gate electrode 223a may
be made of, but 1s not limited to, one selected from a group
consisting of molybdenum (Mo), aluminum (Al), chromium
(Cr), gold (Au), titanium ('11), nickel (N1), copper (Cu) and
alloys thereotf and may include a single layer or a multiple
layers.

The gate electrode 223a may extend from a gate line 223.
The gate line 223 and the gate electrode 223a may be
integrated with each other such that the gate electrode 223a
1s disposed 1n the gate line 223. Accordingly, the gate line
223 and the gate electrode 223a may be disposed on the
same layer.

The gate insulating layer 222 made of an inorganic
material 1s disposed under the gate electrode 223q and may
have the same or greater area than that of the gate electrode
223a for eflective 1sulation.

The gate electrode 223a and the gate insulating layer 222
may each be disposed at a central region of the active layer
221. In this example, a first area of the active layer 221
exposed without being overlaid by the gate electrode 223a,
for example, a first end of the active layer 221 other than the
channel area may be a first conducting region and a second
area of the active layer 221 exposed by not being overlaid by
the gate electrode 223a, for example, a second end of the
active layer 221 other than the channel area may be a second
conducting region.

In this case, the first conducting region may be a drain
region and the second conducting region may be a source
region.

The source region of the active layer 221 may be disposed
closer to the PIN diode 230 than the drain region, but 1s not
limited thereto, and the positions of the source region and
the drain region may be interchanged.

An terlayer insulating layer 224 made of an inorganic
material may be disposed on the gate electrode 223a to
overlay the base substrate 210. The first electrode 2254 and
the second electrode 2256 may each be disposed on the
interlayer msulting layer 224.

The first electrode 225aq may be disposed at a first side of
the active layer 221 and the second electrode 2256 may be
disposed at the second side of the active layer 221. Accord-
ingly, the gate electrode 223a may be disposed between the
first electrode 225q and the second electrode 2255. A first
contact hole 224a may be provided in the interlayer insu-
lating layer 224 at an area in which the active layer 221
overlaps with the first electrode 225a and a second contact
hole 2245 may be provided 1n the interlayer insulating layer
224 at an area 1n which the active layer 221 overlaps with the
second electrode 2255.

In some examples, the first contact hole 224 may be
provided on the drain region of the active layer 221 and the
second contact hole 2245 may be provided on the source
region. Accordingly, the first electrode 2254 1s connected to
the drain region of the active layer 221 through the first
contact hole 224a and the second electrode 2255 may be
connected to the source region of the active layer 221
through the second contact hole 224b.

Accordingly, the first electrode 2235a connected to the
drain region may be a drain electrode and the second
clectrode 2255 connected to the source region may be a
source electrode.
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The first electrode 225a and the second electrode 22556
may each extend from the data line 225 and may each be
disposed on the same layer as the data line 225.

The data line 225 may be made of, but 1s not limited to,
one selected from a group consisting of molybdenum (Mo),
aluminum (Al), chromium (Cr), gold (Au), titanium (11),
nickel (N1), copper (Cu) and alloys thereof.

A first passivation layer 226 may be disposed on or above
the thin film transistor 220 to overlay a whole surface of the
base substrate. The {first passivation layer 226 may made of
an morganic material such as silicon oxide (S10x) or silicon
nitride (SiNx), but 1s not limited thereto. The first passiva-
tion layer 226 may protect the lower thin {ilm transistor 220,
for example, the active layer 221.

The PIN diode 230 1s disposed on the first passivation
layer 226 to be connected to the lower thin film transistor
220. The PIN diode 230 may be disposed 1n the pixel region.

The PIN diode 230 may include a lower electrode 231
connected to the thin film transistor 220, a PIN layer 232 on
the lower electrode 231, and an upper electrode 233 on the
PIN layer 232.

The lower electrode 231 may function as a pixel electrode
in the PIN diode 230. The lower electrode 231 may be made
of an opaque metal such as molybdenum Mo or at least one
of transparent oxides such as indium tin oxide (ITO), indium
zinc oxide (IZ0), and zinc oxide (Zn0O), depending on
characteristics of the PIN diode 230.

The lower electrode 231 may be connected to the second
clectrode 2256 of the thin film transistor 220 via a third
contact hole 2265 as a contact hole in the first passivation
layer 226. Therefore, the thin film transistor 220 may be
connected to the PIN diode 230.

The PIN layer 232 may be disposed on the lower electrode
231 to convert a visible light, which has been converted
from the X-ray, into an electrical signal. In this connection,
a scintillator may convert the X-ray into the visible light.

The PIN layer 232 may be formed by sequentially stack-
ing, on the lower electrode 231, an N (Negative) type
semiconductor layer 232z containing N type impurities, an
I (Intrinsic) type semiconductor layer 232i, and a P (Posi-
tive) type semiconductor layer 232p containing P type
impurities.

The I-type semiconductor layer may be relatively thicker
than each of the N-type semiconductor layer and the P-type
semiconductor layer. The PIN layer 232 may be made of a
material capable of converting the visible light into which
the X-ray emitted from an X-ray source 1s converted into an
clectrical signal, for example, a-Se, Hgl,, CdTe, PbO, Pbl,,
Bil,, GaAs, and Ge.

The upper electrode 233 may be disposed on the PIN layer
232. The upper electrode 233 may be made of at least one
of transparent oxides such as indium tin oxide (ITO), indium
zinc oxide (IZ0), and zinc oxide (ZnO) and may improve a
f1ll factor of the PIN diode 230.

A second passivation layer 235 may be disposed above
the PIN diode 230. The second passivation layer 235 may be
made of an 1norganic material such as silicon oxide (S10x)
or silicon nitride (SiNx), but i1s not limited thereto. The
second passivation layer 235 may cover up to a side surface
of the PIN diode 230 to protect the side surface of the PIN
diode 230 from moisture or other foreign substances.

A bias electrode 243 may be disposed on the second
passivation layer 235 on the PIN diode 230. The bias
clectrode 243 may be connected to the upper electrode 233
of the PIN diode 230 via a fourth contact hole 2334 as a
contact hole in the second passivation layer 235 and may
apply a bias voltage to the PIN diode 230.
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The bias electrode 243 may be branched from a bias line
241 arranged 1n parallel to the data line 225.

In this case, a first plananzation layer 237 1s disposed
between the second passivation layer 235 and the bias
clectrode 243 to overlay a whole surface of the base sub-

strate 210 1ncluding the PIN diode 230.

The first planarization layer 237 may be made of an
organic material such as PAC (Photo Acryl), but 1s not
limited thereto.

In this case, a fifth contact hole 237a may be provided in
the first planarization layer 237 to expose the upper elec-
trode 233 to a position of the second passivation layer 235
corresponding to a fourth contact hole 235a. The bias
clectrode 243 may be clectrically connected to the upper

clectrode 233 through the fourth contact hole 235a and the
fifth contact hole 237a.

The second planarization layer 245 may be disposed on
the bias electrode 243 to overlay the whole surface of the
base substrate 210.

The second planarization layer 245 may be made of an
organic material such as PAC (Photo Acryl), but is not
limited thereto.

A scintillator layer 250 may be disposed on the second
planarization layer 245 to overlay the PIN diode 230 above
the base substrate.

In some examples, the scintillator layer 250 1s disposed
above each of the thin film transistor 220 and the PIN diode
230 to overlay each of the thin film transistor 220 and the
PIN diode 230.

As the scintillator layer 250 may be directly deposited on
the array substrate 201, the planarization of a lower surface
of the scintillator layer 250 may be needed. Therefore, the
second planarization layer 2435 1s formed to planarize the
lower surface of the scintillator layer 250 to facilitate the
formation of the scintillator layer 250 by deposition of the
scintillator.

The scintillator layer 250 may be grown in a vertical
direction to have a plurality of columnar crystal phases, such
that a plurality of scintillator columnar crystals may be
arranged 1n a side-by-side manner, but 1s not limited thereto.
The scinftillator may be made of a material such as cesium
1odide (Csl), but 1s not limited thereto.

In some examples, at least one align mark AM 1s disposed
in the non-driving area NAA of the base substrate 210 and
the align mark AM 1ncludes a first align mark layer 223", an
align PIN layer 232', and a second align mark layer 243"

In this case, the first align mark layer 223", the align PIN
layer 232', and the second align mark layer 243" are sequen-
tially stacked on the base substrate 210.

In the case of the align mark AM, various layers rather
than the first align mark layer 223", the align PIN layer 232",
and the second align mark layer 243' may be each further
formed among the layers according to a process and this
configuration 1s described below 1n detail.

The first align mark layer 223' 1s disposed on the base
substrate 210.

The first align mark layer 223" 1s a layer 1n which the align
mark 1s recognized by an align mark recognition device and
may have a cross-shaped pattern, but 1s not limited thereto.

The first align mark layer 223' may be made of the same
material as the gate electrode 223a of the drniving area AA
and may be formed through the same patterning process as
the gate electrode 223a of the driving area AA.

As the first align mark layer 223' 1s formed by the same
patterning process as the gate electrode 223a, processes
subsequent to a mask process for forming the gate electrode
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223a may be accurately performed by reducing a deviation
by the first align mark layer 223"

An align interlayer mnsulating layer 224' may be disposed
on the first align mark layer 223' and the first align passi-
vation layer 226' may be disposed above the first align mark
layer 223'.

The align interlayer isulating layer 224' may be made of
the same materal as the interlayer insulating layer 224 of the
driving area AA and may be formed by the same patterning
process as the interlayer msulating layer 224 of the driving,
areca AA. The first align passivation layer 226' may be made
of the same material as the first passivation layer 226 of the
driving area AA and may be formed by the same patterning
process as the first passivation layer 226 of the driving area
AA.

The align interlayer insulating layer 224' and the first
align passivation layer 226' may each be made of a trans-
parent morganic material not to prevent the recognition of
the first align mark layer 223, even 1 the align interlayer
insulating layer 224" and the first align passivation layer 226"
may each be disposed on or above the first align mark layer
223",

An align PIN layer 232' may be disposed on the first align
passivation layer 226'.

The align PIN layer 232' may be made of the same
material as the PIN layer 232 1n the driving area AA and may
be formed by the same patterning process as the PIN layer
232 in the dnving area AA.

Accordingly, an mcomplete PIN remaining film 1s not
disposed 1n the align mark AM, but a complete align PIN
layer 232' may be disposed 1n the align mark AM. Specifi-
cally, the align PIN layer 232' may have the same stacking
structure and may be made of the same material as the PIN
layer 232 including the n-type semiconductor layer 232n,
the intrinsic semiconductor layer 232:, and p type semicon-
ductor layer 232p, 1n the driving area AA.

The align PIN layer 232' 1s physically spaced apart from
the PIN layer 232 1n the driving area AA and has an 1sland
shape such that the align PIN layer 232' 1s not electrically
connected to the PIN layer 232 in the driving area AA.

The align upper electrode layer 233' may be disposed on
the align PIN layer 232'.

The align upper electrode layer 233' may be made of the
same material as the upper electrode 233 in the driving area
AA and may be formed by the same patterning process as the
upper electrode 233 1n the driving area AA.

The align upper clectrode layer 233' 1s also physically
spaced apart from the upper electrode 233 1n the driving area
AA and has an island shape such that the align upper
clectrode layer 233’ 1s not electrically connected to the upper
clectrode 233 1n the driving area AA.

A second align passivation layer 233" may be disposed on
the align upper electrode layer 233'. The second align
passivation layer 235' may be made of the same material as
the second passivation layer 235 1n the driving areca AA and
formed by the same patterning process as the second pas-
sivation layer 235 in the driving area AA.

A second align mark layer 243' may be disposed on the
second align passivation layer 235’

The second align mark layer 243!, similar to the first align
mark layer 223', 1s a layer in which the align mark 1s
recognized by the align mark recognition device and may
have a cross-shaped pattern, but 1s not limited thereto.

The second align mark layer 243" may be made of the
same material as the bias electrode 243 of the driving area
AA and may be formed by the same patterning process as the
bias electrode 243 of the driving area AA.
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As the second align mark layer 243" 1s made of the same
material as the bias electrode 243 and 1s formed by the same
patterning process as the bias electrode 243, processes
subsequent to a mask process for forming the bias electrode
243 may be accurately performed by reducing a deviation by
the second align mark layer 243"

In particular, according to the present disclosure, even it
the first align mark layer 223" 1s not recognized by the align
PIN layer 232' disposed above the first align mark layer 223",
the align mark may be clearly recognized by the second
align mark layer 243' formed above the align PIN layer 232",
Therefore, a process subsequent to the second align mark
layer 243' forming process may be accurately performed by
mimmizing the deviation by the second align mark layer
243"

For example, the second align mark layer 243' may
function as an align mark in a layer forming process sub-
sequent to a bias electrode 243 forming process and addi-
tional processes such as attachment of an upper substrate to
the base substrate 210, after the PIN layer 232 forming
process.

According to an embodiment of the present disclosure,
there 1s provided a thin film transistor array substrate for a
digital X-ray detector device and the digital X-ray detector
device capable of reducing the formation of the PIN remain-
ing film 1n the align mark and reducing incorrect recognition
of the align mark after the PIN layer forming process.

The digital X-ray detector 200 according to the present
disclosure operates as follows.

An X-ray 1s wrradiated to the digital X-ray detector 200.
The scintillator layer 250 converts the X-ray into the visible
light. The PIN layer 232 of the PIN diode 230 converts the
light in the visible region 1mnto an electronic signal.

For example, when the light in the wvisible region 1s
irradiated to the PIN layer 232, the I-type semiconductor
layer 1s depleted by each of the N-type semiconductor layer
and the P-type semiconductor layer, thereby generating an
clectric field therein. Then, holes and electrons generated by
the light drift based on the electric field and are collected
into the P-type semiconductor layer and the N-type semi-
conductor layer, respectively.

The PIN diode 230 converts the light 1n the visible region
into the electronic signal and transmits the electronic signal
to the thin film transistor 220. The electronic signal thus
transmitted 1s displayed as an image signal via the data line
225 connected to the thin film transistor 220.

Effects of the present disclosure, through which the for-
mation of the PIN remaining film may be minimized, as well
as the reason for the formation of the PIN remaining film, are
described below 1n more detail.

The PIN diode of the digital X-ray detector device
includes a single film having a greater thickness than that of
cach of other elements of other display devices. For
example, the PIN diode of the digital X-ray detector device
1s formed by depositing the PIN layer including the single
film having the thick thickness of 1 um or more.

The patterning process 1s performed using a mask such as
a photo resist PR after the PIN layer 1s deposited. The
remaining area of the PIN layer except for a patterning area
PTA which 1s patterned by the patterning process 1s removed
through dry etching.

In this case, the patterning area PTA may refer to an area

where a mask 1s disposed and may refer to a remaining area
not etched during an etching process such as the dry etching.
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In some examples, a non-patterning area NPTA may refer
to an area where no mask 1s disposed and may refer to an
area that 1s etched to be removed during an etching process
such as dry etching.

An etching substrate 1s mserted into a dry etching cham-
ber to perform the dry etching process.

In this case, if a voltage 1s applied to each of an upper
portion and a lower portion of the chamber after dry etching
gas EG 1s injected into the chamber, dry etching gas EG 1n
a plasma state 1s not evenly distributed over a whole surface
of the substrate, but has an elliptical distribution as shown 1n
FIGS. 5A and 3B.

In this example, 1n a plan view of the substrate as shown
in FIGS. 5A and 5B, a main active area of the etching gas
may have an elliptical shape with respect to a center of the
substrate. A region rather than the main active area may be
a vulnerable area of the etching gas.

For example, four corners which are edge areas of the
substrate as shown 1n FIG. 5A and an outer rim area of the
substrate below the main active area of the etching gas as
shown 1 FIG. 5B may each be a vulnerable area of the
ctching gas and the vulnerable area of the etching gas has a
low distribution density compared to that of the center
region of the etching gas.

Therefore, an edge of the chamber, for example, an edge
of the substrate with respect to the center of the substrate
may be a vulnerable area of the etching gas with less
influence of the etching gas.

FIG. 5C shows an activation degree of etching gas accord-
ing to patterning 1n detail for each region.

As shown 1n FIG. 5C, a driving thin {ilm transistor 220,
a lower electrode 231, a PIN layer 232, and an upper
clectrode 233 are stacked on the patterning areca PTA of a
base substrate 210. To this end, the PIN film 232" 1n the
non-patterming area NPTA, not 1n the patterning area PTA 1s
ctched with the dry etching gas EG using the mask.

In the case of the dry etching gas EG having an elliptical
density distribution, the density of the etching gas 1s rela-
tively reduced toward a bottom and the density of the
ctching gas 1n an intermediate active area of the etching gas
1s reduced than the density of the etching gas 1n a main active
area of the etching gas and the density of the etching gas 1n
the vulnerable area of the etching gas 1s reduced than the
density of the etching gas in the intermediate active area of
the etching gas.

Therefore, when the PIN film 232" 1s etched, the etching
may be properly performed in the main active area of the
ctching gas, but the etching 1s not properly performed 1n
cach of the intermediate active area of the etching gas and
the vulnerable area of the etching gas to block the PIN film
232" 1n the non-patterning region NPTA from being com-
pletely removed and to remain as the PIN remaiming {ilm.

For example, a large amount of PIN film 232" in the
vulnerable area of the etching gas in which the etching
performance 1s degraded in the non-patterning region NPTA
may be removed more than the patterning region PTA to
completely etch and remove the PIN film 232". However,
the PIN film 232" may not be completely removed due to the
low density of the etching gas to remain the PIN remaining
f1lm.

The PIN remaining film 1s an unintended residue of the
PIN film 232" and may be mainly disposed in a non-driving
areca NAA of the substrate other than a driving areca AA as
shown 1n FIG. 6.

FIGS. 7A and 7B show process diagrams showing a PIN
remaining film formed in an align mark AM during PIN
layer formation.
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In a base substrate 210, at least one driving thin film
transistor 220 and a lower electrode 231 may be formed in
a pixel P 1n a driving area AA and a first align mark layer

223" may be formed 1n an align mark AM 1n a non-driving
area NAA.

A PIN film 232" covers each of the lower electrode 231
and the first align mark layer 223' and an upper electrode 233
and a photo resist PR may each be formed 1n the pixel P 1n
the driving area AA.

For example, a mask such as a photo resist (PR) 1s
disposed 1n the driving area AA, and thus, the driving area
corresponds to the patterning area PTA, and the PIN film
232" 1n the align mark AM 1n the non-patterning area NPTA
1s preferably removed completely.

Therefore, as shown 1n FIG. 7A, a large amount of dry
cetching gas EG 1s needed compared to the patterning area
PTA to completely remove the PIN film 232" in the non-
patterning arca NPTA.

In particular, as the PIN film 232" has a thick thickness of
1 to 2 um, a large amount of dry etching gas EG 1s needed
to completely remove the PIN film 232" from the non-
patterning areca NPTA.

For example, a method of increasing an activation time
period of the dry etching gas EG may be used as a method
of completely removing the PIN film 232", but in this case,
other metal layers in which the etching is not intended, as
well as the PIN film 232", may be etched, which results in
defects.

Therefore, the density of the etching gas 1n a specific
region, not the activation time period of the etching gas, 1s
preferably controlled to remove the PIN film 232" while
reducing the etching of other metal layers.

As shown 1n FIG. 7B, as an align mark AM 1n a non-
patterning region NPTA 1s disposed within a vulnerable area
of the etching gas, the PIN film 232" 1s not completely
ctched and a PIN remaining film remains.

For example, as the PIN remaining {ilm 1s formed on a
first align mark layer 223" in an align mark AM, a defect may
occur because the first align mark layer 223" 1s not properly
recognized.

FIG. 8A shows a PIN remaining film formed on a portion
of an area on an align mark layer and that the align mark
layer 1s not properly recognized by the PIN remaining film.

FIG. 8B shows a PIN remaining film completely removed
from an align mark layer and that a cross shape of the align
mark layer 1s clearly recognized.

Referring to FIG. 7B, some area of a boundary portion
between the patterning area PTA and the non-patterning area
NPTA may be “a fully etched area TEA”, where the etching,
1s completely performed and the PIN film 232" is removed.

The fully etched area TEA 1s an area where etching gases
that do not react in the patterning area PTA 1n which a small
amount of etching gas reacts are concentrated on the bound-
ary between the patterning area PTA and the non-patterning
areca NPTA and the PIN remaining film may be completely
removed from the fully etched area TEA.

According to the present disclosure, processes may be
performed as follows to minimize a phenomenon in which
the align mark layer of the align mark AM in the non-
patterning areca NPTA 1s covered by the PIN remaining film
and 1s not recognized.

FIG. 9A to 9F are process diagrams showing an example
method of manufacturing a thin film transistor array sub-
strate for a digital X-ray detector device.

As shown 1 FIG. 9A, a driving thin film transistor 220
including an active layer 221, a first electrode 2254, a second
clectrode 2255b, and a gate electrode 2234 are formed 1n each
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of one or more pixels P in a driving area AA of a base
substrate 210. A first align mark layer 223' 1s formed 1n at
least one align mark AM 1n a non-driving arca NAA.

In this case, the gate electrode 223a and the first align
mark layer 223" are formed by the same patterning process.

As shown 1n FIG. 9B, a lower electrode 231 1s formed on
cach driving thin film transistor 220 1n a pixel P.

As shown 1n FIG. 9C, a PIN film 232" 1s formed on a
whole surface of a base substrate 210 and an upper electrode
film 233" 1s formed on the PIN film 232" to cover a first
align mark layer 223' of an align mark AM and a lower
clectrode 231 of a pixel P.

A photo resist PR 1s formed on the upper electrode film
233" to be disposed 1n each of the align mark AM and the
pixel P.

As the photo resist PR formed as described above func-
tions as a mask in the patterning process, an area where the
photo resist PR 1s disposed 1s a patterning area PTA and an

area where no photo resist PR 1s disposed 1s a non-patterning
arca NPTA.

As shown 1n FIG. 9D, an upper electrode layer 233" is
ctched using a mask to form an align upper electrode film
233" 1n an align mark AM and to form an upper electrode 233
in a pixel P. A wet etching method may be used with etching
liquid to etch the upper electrode film 233", but 1s not limited
thereto.

After etching the upper electrode film 233", the PIN film
232" 1s patterned using a dry etching gas EG as shown 1n
FIG. 9D.

An align PIN layer 232' 1s formed 1n an align mark AM
and a PIN layer 232 1s formed 1n a pixel P as shown 1n FIG.
O9E by patterning a PIN {ilm 232" using the dry etching gas
EG. For example, the PIN layer 232 and the align PIN layer
232" are formed by the same patterning process.

In this case, the align mark AM corresponds to the
patterning area PTA 1n which a photo resist PR 1s formed and
a PIN remaining film 1s not disposed and an additional align
PIN layer 232' may be formed.

In some examples, the PIN remaining film may be formed
within some area of the remaining area of the base substrate
210 except for the align mark AM and the pixels P, that 1s,
the non-patterning area NPTA and an area between the align
mark AM and the PIN remaining film and an area between
the pixel P and the PIN remaiming {ilm each are fully etched
areas TEA and boundaries of the PIN remaining film may be
clearly determined.

In particular, as the align mark AM also becomes the
patterning arca PTA, dry etching gases EG that do not react
in the align mark AM react at a boundary area between the
align mark AM and the PIN remaining film, and thus, the
boundary area between the align mark AM and the PIN
remaining film may be the fully etched area TEA to mini-
mize an influence of the PIN remaining film on the align
mark AM.

As shown 1n FIG. 9F, the photo resist PR 1n the align mark
AM and the pixels P are removed, a second align mark layer
243" 1s formed on the align upper electrode layer 233', and
a bias electrode 243 1s formed on an upper electrode 233.

In this case, the bias electrode 243 and the second align
mark layer 243" are formed by the same patterning process.

The alignment may be adjusted using the first align mark
layer 223' before the align PIN layer 232' 1s formed and the
alignment may be adjusted using a second align mark layer
243" after the align PIN layer 232' 1s formed by forming the
second align mark layer 243" above the align PIN layer 232
of the align mark AM.
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For example, according to the present disclosure, the align
PIN layer 1s formed above the first align mark layer through

the same patterning process as the patterning process using,

the photo resist to form the PIN layer in the pixel. The
formation of an umntended PIN remaining film may be
mimmized in the align mark through the patterning process.

In addition, according to the present disclosure, the align
PIN layer 1s formed on the first align mark layer and then the
second align mark layer 1s further formed to use the second
align mark layer as an align mark after the PIN layer is
formed, thereby reducing incorrect recognition of the align
mark even after the PIN layer 1s formed.

According to the present disclosure, 1n order to reduce the
incorrect alignment of the digital X-ray detector device, the
incorrect recognition of the align mark by the PIN remaining
film may be reduced, thereby obtaining high-quality images
and improving a yield of the digital X-ray detector panel.

According to the present disclosure, the thin film transis-
tor array substrate for the digital X-ray detector device and
the digital X-ray detector device include a base substrate
including a driving area and a non-driving area, at least one
PIN diode disposed 1n the driving area of the base substrate
and including a lower electrode, a PIN layer, and an upper
clectrode, and at least one align mark disposed in the
non-driving area of the base substrate and the align mark
includes a first align mark layer, an align PIN layer, and a
second align mark layer.

In this case, the first align mark layer, the align PIN layer,
and the second align mark layer may be sequentially stacked
on the base substrate.

The non-driving area may surround the driving area and
the align mark may be disposed at one or more corners of the
non-driving area.

The driving area of the base substrate includes an active
layer, a first electrode, a second electrode, a gate electrode,
and a driving thin {ilm transistor connected to a PIN diode,
and the first align mark layer may be made of the same
material as the gate electrode.

In addition, the PIN layer may be made of the same
material as the align PIN layer, a bias electrode 1s disposed
above the PIN layer, and the second align mark layer may be
made of the same material as the bias electrode.

The align electrode layer 1s disposed between the align
PIN layer and the second align mark layer and the align
upper electrode layer may be made of the same material as
the upper electrode.

The bias electrode 1s disposed above the PIN layer and the
second align mark layer may be made of the same material
as the bias electrode.

In addition, according to an embodiment of the present
disclosure, a method for manufacturing a thin film transistor
array substrate for a digital X-ray detector device includes 1)
forming a driving thin film transistor including an active
layer, a first electrode, a second eclectrode, and a gate
clectrode 1n at least one pixel 1n a driving area of a base
substrate and disposing a first align mark layer 1n at least one
align mark 1n a non-dnving area of the base substrate, 11)
forming a lower electrode on the driving thin film transistor,
111) forming a PIN film above a whole surface of the base
substrate and forming an upper electrode film on the PIN
layer, 1v) forming a photo resist corresponding to the align
mark and the pixel on the upper electrode film, v) forming,
the align PIN layer and the align upper electrode in the align
mark and forming the PIN diode including the lower elec-
trode, the PIN layer, and the upper electrode 1n the pixel by
patterning the upper electrode film and the PIN film, and vi)
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forming the second align mark layer on the align upper
clectrode and forming the bias electrode on the upper
clectrode.

In this case, the gate electrode and the first align mark
layer may be formed by the same patterning process, the PIN
layer and the align PIN layer may be formed by the same
patterning process, and the bias electrode and the second
align mark layer may be formed by the same patterning
pProcess.

The PIN film may also be patterned with the dry etching
gas.

Although the present disclosure has been described with
reference to the exemplary drawings, the present disclosure
1s not limited to the embodiments and the drawings dis-
closed herein, and various modifications can be made by
those skilled 1n the art within the scope of the technical idea
of the present disclosure. Further, even if working eflects
obtained based on configurations of the present disclosure
are not explicitly described 1n the description of embodi-
ments of the present disclosure, eflects predictable based on
the corresponding configuration have to be recognized.

What 1s claimed 1s:

1. A thin film transistor array substrate for a digital X-ray
detector device, comprising:

a base substrate comprising a driving area and a non-

driving area;

at least one P type semiconductor-Intrinsic type semicon-

ductor-N type semiconductor (PIN) diode disposed
within the driving area of the base substrate including
pixel regions and comprising a lower electrode, a PIN
layer, and an upper electrode; and

at least one align mark disposed within the non-driving

area of the base substrate,

wherein the at least one align mark comprises a first align

mark layer, an align PIN layer, and a second align mark
layer,

wherein a fully etched area from which the PIN layer is

removed 1s disposed between the pixel regions and the
at least one align mark.

2. The thin film transistor array substrate for the digital
X-ray detector device of claim 1, wherein the first align
mark layer, the align PIN layer, and the second align mark
layer are sequentially stacked on the base substrate.

3. The thin film transistor array substrate for the digital
X-ray detector device of claim 2, wherein an active layer, a
first electrode, a second electrode, a gate electrode, and a
driving thin film transistor connected to the PIN diode are
disposed 1n the driving area of the base substrate; and

wherein the first align mark layer 1s made of a same

material as the gate electrode.

4. The thin film transistor array substrate for the digital
X-ray detector device of claim 2, wherein the PIN layer 1s
made ol a same material as the align PIN layer.

5. The thin film transistor array substrate for the digital
X-ray detector device of claim 2, wherein an align upper
clectrode layer 1s disposed between the align PIN layer and
the second align mark layer; and

wherein the align upper electrode layer 1s made of a same

material as the upper electrode.

6. The thin film transistor array substrate for the digital
X-ray detector device of claim 2, wherein a bias electrode 1s
disposed on the PIN layer; and

wherein the second align mark layer 1s made of a same

material as the bias electrode.

7. The thin film transistor array substrate for the digital
X-ray detector device of claim 1, wherein the non-driving,
area 1s configured to surround the driving area; and
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wherein the at least one align mark 1s disposed 1n at least
one corner of the non-driving area.

8. A digital X-ray detector device, comprising:

a base substrate comprising a driving area and a non-
driving area;

at least one P type semiconductor-Intrinsic type semicon-
ductor-N type semiconductor (PIN) diode disposed
within the driving area of the base substrate including
pixel regions and comprising a lower electrode, a PIN
layer, and an upper electrode; and

at least one align mark disposed within the non-driving
area of the base substrate,

wherein the at least one align mark comprises a first align
mark layer, an align PIN layer, and a second align mark
layer, and

a scinftillator layer disposed above the PIN diode,

wherein the align PIN layer is spaced apart from the PIN
layer and has an 1sland shape such that the align PIN
layer 1s not electrically connected to the PIN layer.

9. A method for manufacturing a thin film transistor array

substrate for a digital X-ray detector device, comprising:

forming a driving thin film transistor 1n at least one pixel
disposed within a driving area of a base substrate, the
driving thin film transistor comprising an active layer,
a first electrode, a second electrode, and a gate elec-
trode:

forming a first align mark layer 1n at least one align mark
disposed within a non-driving area;

forming a lower electrode on the driving thin film tran-
s1stor:;

forming a P type semiconductor-Intrinsic type semicon-
ductor-N type semiconductor (PIN) film above a whole
surface of the base substrate;
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forming an upper electrode layer on the PIN film;

forming a photo resist on the upper electrode film to

correspond to each of the at least one align mark and
the at least one pixel;

forming an align PIN film and an align upper electrode

layer 1n the align mark;

forming a PIN diode comprising the lower electrode, a

PIN layer, and an upper electrode in the pixel by
patterning the upper electrode film, and patterning the
PIN film with dry etching gas;

forming a second align mark layer above the align upper

clectrode layer; and

forming a bias electrode above the upper electrode

wherein the dry etching gas forms a fully etched area in
which the PIN layer i1s removed from a portion between
the at least one align mark and the PIN diode.

10. The method for manufacturing the thin film transistor
array substrate for the digital X-ray detector device of claim
9, further comprising:

forming the gate electrode and the first align mark layer

by a same patterning process.

11. The method for manufacturing the thin film transistor
array substrate for the digital X-ray detector device of claim
9, further comprising:

forming the PIN layer and the align PIN layer by a same

patterning process.

12. The method for manufacturing the thin film transistor
array substrate for the digital X-ray detector device of claim
9, further comprising:

forming the bias electrode and the second align mark

layer by a same patterning process.
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